ABSTRACT
INTRODUCTION
In tropical rain forest, many species begin life in deep shade, light being the principal resource that limits the growth of the seedlings. Tree species are often classified into two groups, based on their germination and establishment requirements (Whitmore, 1996) . Shade tolerant species can germinate, grow and survive in low light, whereas light-demanding species need a high light environment for germination and seedling establishment. Nevertheless this classification does not embody all the complex ecophysiological known patterns. These two groups seem to be the extremes of a continuum of responses to light (Osunkoya et al., 1994) . Although the term "shade-tolerant" is widely employed, its meaning is not so precise. According to Whitmore (1996) , it is possible to distinguish three meanings for ecological purposes, a) shade tolerance can mean the minimum PAR (photosynthetic active radiation) level needed for seedling survival; b) shade tolerance can be related to the length of time for which seedlings can survive at low PAR levels, c) shade tolerance can refer to the amount of PAR required for release from the seedling bank. These meanings are not necessarily independent and although easy to understand they are not always easy to define precisely. Shading affects plant growth and development at all levels of organization (Grime, 1979; Fetcher et al., 1987; Thompson et al., 1988; Uhl et al., 1988; Woodward, 1990; Popma and Bongers, 1991; Strauss-Debenedetti and Bazzaz, 1991; Chazdon and Kaufmann, 1993; Press et al., 1996) . Apart from a group of a few pioneer species (shadeintolerant species), the majority of tropical forest tree species are shade-tolerant species. They are indifferent to gaps and can grow both in a high -and low-light environment. In tropical forests the radiation, which reaches the forest floor under the canopy is only 1 -3% of the total radiation above the canopy (Chazdon, 1988; Clark et al., 1996; Souza, 1996) . So, growth rates of seedlings in the understorey are very low. Once the canopy is opened up, a gap is formed and light availability is enhanced increasing growth vigorously. For a successful regeneration growth and survival are the most important. Survival of seedlings in shade varies widely and continuously among tropical tree species, closely reflecting light requirements for regeneration and successional status. The aim of this paper was to study the effects of light regimes on seedling growth of some native understorey species of a mesophyllous tropical forest in order to understand how these species respond to different levels of irradiance in terms of growth and biomass allocation.
MATERIAL AND METHODS
Seeds of the species listed in Table 1 were collected from specimens growing under the canopy of a mesophyllous tropical forest (Mata de Santa Genebra, Campinas, SP., 22º 49' 45"S -47º 06' 33"W). Seeds were germinated in Petri dishes in incubators at 25ºC under constant illumination. Germinated seeds were transplanted into 0.5L plastic pots filled with 2:1 soil of the forest floor plus sand and maintained in a humidifier for acclimatization. Seedlings with one or two leaves (plus cotyledons) were selected for the trials carried on in the glasshouse. One group of plants was placed at random under shade produced by stretching shade cloth over a wooden frame, which reduced the PPFD down to 2.6% of the solar irradiance without changing the R:FR ratio. The other group was kept close to the first group in the glasshouse but without any cover. Light levels were measured on cloudless day at midday, using inside the glasshouse and 54.30 µmol.m -2 .s -1 under shade). Temperature in the glasshouse varied from a minimum of 17.9ºC overnight to a maximum of 30.7ºC at midday. The duration of the experiments was three months. After the experiment, total shoot length from soil surface to the apical meristem was measured and seedlings were then harvested by splitting open the pots and carefully washing the roots free of soil. Separated plant parts (leaves, petioles+stems and roots) were placed in labelled paper bags and dried at 80ºC for 48h and weighed. Three replicates of 20 seeds were also oven dried (80ºC) for 48h. Plants were watered daily during the experiments, maintaining the soil always moist. Ten plants were used per treatment (N=10), except for Trichilia clausseni where N=31. Guarea macrophylla and Trichilia pallida, besides in the glasshouse, were also cultivated under the canopy and at the margin of the forest. Among the species studies nine were trees and four shrubs. Although these species were not very high (Table 1) , some of them reached the canopy stratus (Holocalyx , Guarea, Trichilia, Acacia and Luehea). Means followed by different letters are significantly different at 5% level for each species. At the end of the experiment, growth was evaluated by 1-) plant height; 2-) total number of leaves; 3-) leaf dry mass; 4-) stem dry mass; 5-) root dry mass. Then the following were calculated: 1-) mean leaf dry mass (total leaf dry mass/number of leaves); 2-) relative dry mass allocation to leaves, stems and roots; 3-) allocation of dry mass between shoot/roots; 4-) stem robustness as total mass/length (mg.cm -1 ) and 5-) relative growth rate (mg.g -1 d -1 ), according to Hunt (1982) . Significant differences between the two light treatments for each species was calculated by comparison of means of two small samples according to the modified form of Student "t" test at 5% level (Bailey, 1981) .
RESULTS
All species grew in both treatments, although some species grew more rapidly than others (Table 2) . Seedling height, an indication of individual competitiveness when light became available (King, 1994) , was shown to be significantly higher at higher irradiation for 8 out 13 of the species. The total number of leaves, total leaf dry mass or mean leaf dry mass were also enhanced in most species by higher irradiance. (Table  3) . This could be seen as % of total biomass as well as by the ratio shoot/root. Proportionally most of photosynthates remained in the leaves of the plants growing under low irradiance (Table 3) . There was contrast between photosynthate allocation to leaves and roots under low and high irradiance. Allocation to stems was not so conspicuous although the ratio stem dry mass/length was consistently higher for plants growing under higher irradiation.
DISCUSSION
The species studied are frequently growing under the forest canopy or at shaded places as margins of gaps. Although they were expected to be very tolerant to understorey shade, some variation in growth responses to the shade treatment was likely to occur. Seeds of all these species have no hard teguments (impermeable to water) and photoblastic behaviour was absent. High percentage of germination were obtained in light or darkness. Besides, seed size seemed to be not relevant to growth and establishment in deep shade.
For example, Bauhinia forficata with 8% of Holocalyx balansae seed dry mass,produced seedlings with the double of total biomass when growing in deep shade. The growth of seedlings measured in deep shade apparently was not related only to the deployment of seed reserves. Seeds of the Meliaceae species seemed to be of the recalcitrant type (Roberts, 1973) . Germination was drastically reduced when seeds became dehydrated. So, germination under natural conditions was favoured under the canopy where the conditions of high humidity were most likely to occur. Qualitatively almost all species responded similarly to the light treatment presenting much higher relative growth rates under high irradiation. Quantitatively, considerable variation in growth rates could be observed under high as well as low irradiances. These differences in RGR at time of gap formation could be very important to the success of an individual later on. A common feature exhibited by the plants growing under low irradiance was a high allocation of photosynthates to leaves in detriment of roots. It seemed that at low irradiance (2.6% of solar PPFD), photosynthesis was reduced to a low level just to suffice the expenditure of respiration leaving very low amounts of energy for growth processes. Higher stem dry mass in plants under higher irradiation reflected carbohydrate storage capacity for future growth ,as well as total dry mass which could be correlated with carbon fixation (Table 3) . Extensive research on shade effects has been carried out on reduced light irradiance without a corresponding reduction in R:FR (Whitmore, 1996; Poorter, 1999) as well as with change in spectral quality of light. Several contributions of reduced R:FR on growth responses of seedlings in the understorey are well-documented (Lee et al., 1996) . In this paper seedlings of Guarea macrophylla and Trichilia pallida were grown simultaneously in the glasshouse and in natural conditions under the forest canopy and forest margin (Tables 2 and 3 ). The PPFD on the forest floor was much lower than that of the glasshouse (<0.5% or 3-5 µmol.m -2 .s -1 ) and also the R:FR ratio of 0.37 (Souza, 1996) . Although quantitative differences could be observed between seedlings growing under nets in the glasshouse and the forest understorey no morphological alterations were noticed due to influence of low R:FR ratio. Furthermore temperature effects on growth of seedlings in the glasshouse and the forest cannot be disregarded. It is possible that under very low irradiance the seedlings survive only because of very low respiration rates and to temporary sunflecks. Having no available energy for mass increments the R:FR effects on development become inoperative. At very low irradiance the low R:FR ratio may be more concerned possibly with induction of seedling dormancy. The R:FR ratio will affect morphological characters of the seedlings only when photosynthesis is no longer a limiting source of energy. All species tolerate low irradiance (2.6%) at least during the time of the experiments. The TCR under low and high irradiance for each species showed differences on the levels of shade tolerance. For example, the TCR under low irradiance was 8.8, 53.3 and 85.6% of the TCR under height irradiance for Trichlia clausseni, T. elegans and T. pallida, respectively, being the last species less affected by shading. It seems that the strategy of these understorey species is a reduction of growth rates under low irradiance and to divert all its resources on survival until more light becomes available.
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RESUMO
(Crescimento de plântulas de espécies de subbosque de uma floresta tropical do sudeste brasileiro). Respostas de crescimento de plântulas ao sombreamento têm sido objeto de intensa pesquisa em regiões temperadas e florestas tropicais úmidas. Neste trabalho, treze espécies de sub-bosque foram estudadas sob duas diferentes densidades de fluxo de fotons fotossintéticos (PPFD). Plântulas foram mantidas em casa de vegetação sob 51% e 2,6% da irradiação solar. O crescimento das plântulas foi avaliado através de: 1-) altura total; 2-) número de folhas; 3-) massa seca das folhas; 4-) massa seca do caule;5-)massa seca da raiz; 6-)razão comprimento do caule /massa seca do caule; 7-) razão da massa seca da parte aérea/raiz; 8-) porcentagem de alocação de fotossintatos para folhas, caule e raiz. Para a maioria dos parâmetros considerados, baixa PPFD reduziu drasticamente o crescimento. É possível que a estratégia dessas espécies de sub-bosque esteja na redução de crescimento sob baixa PPFD, resguardando energia para a sobrevivência.
